ABSTRACT. A new approach of examining and characterizing both thin film or thin film based devices are described in this paper. Justification of the selected techniques which have been utilized in fabricating these thin films are given. The important aspect of selecting the substrates on which the thin films are made were pointed out. The measurement techniques which have been adopted here are discussed. Results and discussion show the ability, reliability and sim plicity of these proposed techniques. The results are interesting and confirm the method used to produce them, even though it is an oil pumped system.
Introduction
In thin films and/or thin film devices the thickness is appreciably reduced so that the forces acting upon a particle existing at or near its surface are substantially different from those acting on particle existing in the internal volume. This is not the case with conventional bulk bodies where the forces acting upon all particles are equal. The ex istence of surface defects which disturb the energy band structure at the surface, affect the interaction between the very close surfaces of a thin film [1, 2] .
Thin film physics and its technology have been greatly developed in the last ten years [2, 3] in order to meet the pressing need for scaling down the dimensions of elec tronic equipment. This has been stimulated by space exploration with its demand for in tricate radioelectronic equipment's of high reliability, and small size and weight.
Fabrication Technique

Vacuum Evaporation
This is the most widely used method for thin film preparation. It is simple and can under proper conditions, provide films of extreme purity. It can also, to a certain extent, achieve a pre-selected structure. The formation of thin films by this method proceeds as follows [3, 4] :
1. Transformation of the material to be deposited by evaporation into gaseous state. 2. Transfer of the vapor atoms or molecules from the evaporation source to the sub strate.
3. Deposition of these particles on the substrate. 4 . Rearrangement or modification of their binding on the substrate surface.
Vacuum Evaporation Techniques
This section overviews the apparatus, the substrate preparation, the important materi als for evaporation and the evaporation sources.
a) Apparatus
The apparatus should meet some special requirements:
1. Sufficiently low threshold pressure. 2. Sufficiently fast achievement of this pressure from atmospheric gauge. 3. Easily accessible working chamber. 4 . Working chamber uncontaminated by organic vapors.
The first two requirements necessitate the use of high-vacuum pumps with sufficient pumping needs and the shortest and widest possible piping between the pump and the exhausted space. Metal-oil diffusion pumps with high quality silicon oil are used and pre-exhausted by a rotary pumps. The penetration of oil vapors into the working cham ber is prevented by creating cooled zones (with liquid nitrogen or water) above the pump, where the oil vapor is trapped. A valve is placed between the pump and the ex hausted chamber to shorten the working cycle.
As shown in Fig. (1) , the working chamber consists of a bell jar (metal or glass) man ually or hydraulically mounted. The lower part acts as a collar with many feedthroughs (electrical and mechanical) and connections for a vacuum gauge thickness monitor. In addition, it is equipped with a needle valve for controlling the gas inlet.
A liquid nitrogen trap is used to realize 10 -4 to 10 -6 torr vacuum by the initial ad sorption of the atmospheric pressure gases.
b) Substrate
The substrate serves as a mechanical support and insulator (high dielectric strength). It should be chemically passive in order not to change the film properties. It must pro vide adequate adhesion of the film to its surface during the high temperature operation. To ensure a constant temperature of surface during deposition, it should have a suf ficient heat removal capability. Further, it should be flat and smooth to guarantee de fined and reproducible properties.
The most widely used substrates for polycrystalline film are glass, fused silica, and ceramics. For a single-crystal growth to be realized, single-crystal silicon, alkali halide, or mica substrates should be used. The substrate should be absolutely clean and uncontaminated. To fulfill this condition without causing mechanical or chemical damage by abrasive substances or strong chem icals, it is recommended to proceed as follows: Application of ultrasound in a solution of ionic detergent through rinsing in deionized distilled water, degreasing in a vapor of pure alcohol and finally drying in a stream of dry and filtered nitrogen. Better results can be achieved if the substrate is heated, afterwards, in vacuum to a temperature of 300ºC.
The substrate may be heated during deposition by a tungsten, tantalum or nichrome fila ment. A thermocouple may be deposited on the substrate and used to measure its tem perature during vacuum processing.
c) Evaporation Materials
Pure metals (Ag, Al), III-V compound, semiconductors (GaAs) are examples of evapor ants used. The evaporant temperature should be raised to the adequate value corresponding to the saturated vapor pressure (~10 -6 to 10 -2 ) which is usually given in tables.
To avoid contamination arising from the layers of chemical compounds formed on the surface of evaporants, the substrate is shielded by a shutter at the beginning of the evapora tion.
To avoid contamination with the source material it is also recommended not to evap orate all the substrate from the source by the end of evaporation.
d) Evaporation Sources
These sources are made of high melting point metals (Ta, Mo). They are used in the form of wires, foils or boats. The evaporate material is contained in a boat, having been powdered in a crucible, surrounded by a spiral heater or wound or hung on the source wire.
Device Construction
The H.V. system has been used to evaporate the material in which GaAs was used. Con trolling the film thickness was not very important but by using a film thickness monitor we were able to evaporate 3000 to 4000 Å layers. Two types of pumps have been used with an Edwards-5 two stage rotary pump connected to the E04-liquid nitrogen baffled oil diffu sion pump. These two pumps can achieve together a pressure of about 10 -6 mbar which is low enough for our device purposes. After this all the films are covered by a mechanical mask except the gate effective area shown in Fig. (2) . Then the sample is mounted into the evacuated furnace and the unmasked area is exposed to pure oxygen under a different tem perature, but at fixed oxidation time and pressure. The sample is then transferred to the vacuum system and a thin metal contact deposited on the top of the oxide layer. An ap proximate estimation of the oxide layer is about 400-500 Å [4] [5] . Silver paint is used for the electrical measurements.
Measurement Techniques
Electrical contacts to the films were made by connecting 0.25 mm copper wire using air dried silver paint. The electrical contact arrangements are shown in Fig. (3a, 3b) . A sche matic diagram of the experimental set-up is shown in Fig. (4) where a programmable pico Ameter (HP4140B), control box, oscilloscope, and x-y recorder have been used. Since the device current to be measured is very small, accurate measurements were under taken using the smallest range of the pico Ameter (ranging from 10 -10 to 10 -12 A). We have found that it was very difficult to plot the device performance on the x-y plotter easily, and instead point by point measurements were the most suitable method. How ever both methods have been adopted successfully.
Result and Discussion
The starting material was CERAC grade GaAs with 99.999% purity and fine grain size. Thermal deposition was, in general, on the glass substrate with deposition rates of the order of 10Å/sec. at room temperature. X-ray examination showed a polycrystalline structure [8, 9] . Measurements have been carried out on several thin films which were prepared using the evaporation techniques. The I-V curve of these films are shown in Fig. (5) . These measurements have been repeated many times and it was found that up to 200ºC an nealing temperature, there is no effect on the ohmic straight line of the I-V curve. In creasing the annealing temperature from 250-350ºC at least 3-4 out of five times, sim ilar displays of I-V characteristics were found.
The effect of substrate annealing at different temperatures under vacuum has in dicated that the quality of the device is substantially changing from the ohmic region of the saturated region as shown in Fig. (6) even though, the oxidation pressure and time are kept constant for all the experimental runs. Table (1) shows the measured values of the deposition parameter as well as the electric properties of the GaAs films.
Conclusion
Our study shows the effect of the temperature on the behaviour of the I-V character istics, in which for high temperature with the same pressure and oxidation time the re action between the O 2 and III-V increase [10] substantially, while at room temperature, the reaction does not affect the device. Our result shows this phenomenon for many de vices and is reproducible. This device can be used in many applications in the field of the MOS transistors, which has the advantage of extremely high input impedance on the gate channel. This impedance can be of the order 10
15 Ω, making this device very useful for amplification purposes. Also these devices are very useful in integrated circuits in general.
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Introduction
When an energetic beam hits a target, different types of radiation such as gammas and neutrons come out with different energies as a result of the fragmentation or break-up process [1] . The neutron fluxes from such reactions are large. Tuyn et al. used a current of the order of 10 11 12 C ions per second at 86 MeV/u on an iron target with 115 In, 32 S, 27 Al and 12 C as activation detectors to measure the neutron fluxes [2] . They reported fast neutron (< 20 MeV) flux of 5 × 10 9 n.cm 2 /g.s.sr (normalized to the target thickness and solid angle) using 27 Al foil at 100 cm from 3.2 g/cm 2 Fe target, at 0º. It is expected that the neutron flux will increase using heavier and more neutron-rich beams. This is dis played in this experiment with a current of 7.3 × 10 11 18 O 6+ ions per second at 80 MeV/u on a 1.9 g/cm 2 9 Be target with 27 Al as activation detector too.
Activation foils are used for flux measurements because they are known for their re liability and convenience [3, 4] . Unlike some detectors, activation foils need no elec tronics during the irradiation nor do they get disabled by high fluxes. There is no inter ference from other radiation, like gamma-rays. The foils respond only to neutrons, therefore neutron-induced gamma activity can be conveniently counted by a simple set up with a high resolution detector, like a high-purity germanium (HPGe) detector, and a multichannel analyzer.
Experimental Setup and Method
Activation Foils
In this experiment, neutrons were detected by twelve activation foils. These foils were divided into three groups, A, B and C as seen in Fig. 1a . Groups B and C have an aluminum foil and two indium foils, (see Table 1 ). In each group, one of the indium foils was covered with cadmium foils on both sides to absorb the thermal neutrons. Group A has six foils, five of them are put on the outside surface of a 16.5 cm × 16.5 cm cylindrical neutron moderator. These foils are an aluminum foil, two bare indium foils and two indium foils covered with cadmium foils on both sides. The sixth is an indium foil which was placed inside the moderator at its center (see Fig. 1a ). The location of each group relative to the other groups, the cyclotron target and the beam line is seen in Fig. 1 . All the groups were placed at positions approximately 34.9 cm lower than the plane of the target and beam line such that they faced the beam. Group A was located under the beam line while groups B and C were put on an adhesive cloth tape, Fig. 1a . The distances from the target to groups locations, distances among the groups and the angular separations relative to the beam line (taken as 0º) are explained in Table 1 and Fig. 1 . As seen all the groups are in the forward direction. Fig. 1b . A side view of the experimental setup (see Table 1 *Measurements were made to the center of the group. **These distances are measured to the center of the moderator where F 6 is located. The rest foils of the group are 8.25 cm clos er to the target on d.
The average masses, diameters, thicknesses and the purities are given in Table 1a . For cadmium cover foils the values are 3.20 ± 0.23 g, 3 cm and 0.052 ± 0.004 cm respectively.
Irradiation of the Foils
The irradiation time of the foils at the locations described above is approximately 67 hours. The possible reactions are 115 In (n th or n ep , γ) 116m In and 27 Al(n f , α) 24 Na where n th is a thermal neutron, n ep is an epithermal neutron and n f is a fast neutron. The ab sorption cross-section for n th is 170 ± 15 b at 0.025 eV and for n ep is 3243 ± 35 b at a resonance energy of 1.457 eV. The threshold for the second reaction is 7.2 MeV with the absorption cross-section of 0.693 ± 0.045 mb [3, 5] . The irradiation time when com pared with the half lives of the product nuclei (for 116m In, T 1/2 = 54.4 minutes and for 24 Na, T 1/2 = 15 hours) is long enough for In foils to reach 100% of the saturation activ ity and Al foils 95.5% of saturation. This can be concluded from the relation [6] A = A sat. (1 -e -λt ) ( 1 ) where A sat. is the saturation activity. Since the integrated flux of the incident neutrons over the irradiation period is proportional to the induced activity in the foils [4] , it be comes important to know the saturation fraction of the foil which leads to the number of the excited nuclei.
The beam from the K1200 cycloton is 18 O 6+ on a 1.9 g/cm 2 9 Be target with beam current is 700 ena(electron nanoampere) at 80 MeV/u or, therefore 7.3 × 10 11 ions/s.
Counting the Foils.
Each foil was counted for 10 minutes (with an average dead time less than 2% for Al foils, about 24% for bare In foils and about 12% for the rest of the In foils), by an en ergy calibrated 75.5 mm (diameter) × 92.0 mm (long) hyperpure germanium (HPGe) detector that has an active volume of 411.67 cm 3 . Each foil was counted at 5 cm from the center of the front face of the detector crystal. This counting position and the de tector were well shielded by lead bricks. All foils were counted within 3 hours after the end of the irradiation.
Several gamma standard sources ( 60 Co, 22 Na, 133 Ba, 54 Mn, 57 Co, 109 Cd) were used for full-energy peak efficiency (Fig. 2) and energy calibration of the HPGe detector. The activity of these standard sources ranges from 1-12 µCi. The latter had a FWHM energy resolution of 4.5 keV at 1332.5 keV of 60 Co. Although the resolution should be better than this, the gamma peaks were well resolved as can be seen in Fig. 3 . The same geometrical position relative to the HPGe detector was preserved during the different stages of the work. The absolute full-energy peak efficiency was corrected for the co incidence summing effect in the case of 60 Co, 22 Na and 133 Ba which are multiple-line γ sources, thus coincidence correction is relevant. On the other hand, 54 Mn, 57 Co and 109 Cd are single-line γ sources and don't require this correction [7] . Since summing ef fects depend on the square of the detector solid angle [8] , the summing correction factors for this detector were calculated by scaling from correction factors of another HPGe de tector with the same geometrical positions but a 1 and 10 cm from the detector [9] . The dead time during the efficiency measurement is less than 2%. The experimental ef ficiency data points, Fig. 2 , were fitted by the equation.
where ε is the efficiency. The constants a = 1752.21 × 10 -3 , b = -3386 × 10 -6 , c = 4941 × 10 -1 and d = -2161.5096 × 10 2 are the fitting parameters. The fit goodness parameter κ 2 is 0.998. The uncertainty of about 3.1% in the experimental efficiency data points is due to the counting statistics. 
Analysis and Results
Both slow or thermal (E n < 0.5 eV) and intermediate or epithermal (0.5 eV < E n < 10 keV) absorption activations follows (n, γ) reaction [3] . 115 In has a large neutron absorp tion cross-sections in the thermal and epithermal energy ranges and can be used as neu tron detector for these energies. The product nucleus of the above reaction is 116m In which decays by emitting several gamma lines. One of these lines, the 417 keV line with absolute intensity of 32.4%, was observed in this experiment and used for flux cal culations. Unlike the thermal and epithermal neutrons, fast neutrons (E n > 10 keV) are detected by threshold activation in which a nuclear particle is emitted such as (n, p), (n, n) and (n, α) reactions. In this experiment 27 Al foil was used to identify fast neutrons -through the 27 Al (n, α) 24 Na reaction. 24 Na decays by emitting β particle with 100% to two excited states of 24 Mg which decays to its ground state by emitting the two γ-lines 1368 and 2754 keV. In this experiment, the induced activity of the 2754 keV line (net area of the peak) was used for fast neutron flux calculation whereas the induced activity of the 417 keV line in the Cd covered 115 In foil was used for the intermediate energy fast neutron flux. By subtracting the counts of the 417 keV line in the Cd-covered 115 In foil which was used for intermediate fast neutron flux from the counts of the 417 keV line in the bare. 115 In, thermal neutrons counts are determined [3] . This was done be cause bare 115 In detects both thermal and epithermal neutrons with the same reaction. These counts were corrected for background. The flux is calculated by the following equation [3] : = the absolute intensity of gamma line of interest. µ s (X s /2) = the total attenuation coefficient of gamma in the foils with µ s at the rel evant energies and the half thickness of the foil X s /2. µ a X = the total attenuation coefficient of gamma in air µ a at the relevant ena ergies and the separation between the foils and the detector X a . Σ X = the attenuation of neutrons in the foils Σ n at the relevant energies and foil n s thickness (X s ). t i , t d , t c = irradiation, decay and counting periods were the counting time was cor rected for the dead time. The decay time was taken from the end of ir radiation to the midpoint of the counting interval. λ = decay constant for the product nuclei ( 116m In and 27 Al).
The flux results are listed in Table 2 . It should be noticed that the flux values cal culated for A, B and C groups at 1 cm from the target have approximately the same or der of magnitude and they average to 3. 24 Na peak here) is proportional to the fast neutron flux with energies above the threshold [3] , this flux was calculated using the cross-section of 0.693 mb at the threshold of 7.2 MeV. It is not known from what depth in the foil γ-ray was emitted, therefore half the foil thickness was used to correct for the self absorption. However, this correction is only about 2.5% which is smaller than the uncertainty in the flux val ues. The correction for neutron attenuation in 115 In was neglected because neutrons will be absorbed in these foils due to their low energy. In addition to that, the thickness of 115 In foils is very small (see Table 1a ). This wasn't the case of the relatively thicker 27 Al foils which interact with fast neutrons. Being inside a neutron moderator, F 6 ( 115 In foil) detected thermalized fast neutrons. The energy response of the moderator is essentially uniform from 20 keV to 20 MeV [4] . The fast flux at 1 cm from the target position measured by F 6 is 1.9153 × 10 11 n/cm 2 .s. This is very much less than the other value of the same neutron group which was measured by 27 Al foil, F 5 . This can be justified by considering the difference of the reactions in the two cases. The reaction in 27 Al is insensitive for neutrons with En < 7.2 MeV whereas F 6 is very sensitive to all fast neutrons that were thermalized by the moderator. F 6 is also about 7 cm farther from the target and was located behind all the foils which were posi tioned on the moderator surface. This may led to degrading the flux at the F 6 location.
The angular distribution a of the flux at the same radial distance of 70.32 cm from the target is presented in Fig. 4 . It should be noticed that the flux values for each type of neutron differ by a factor of 10 at the most.
Conclusion
The data and the results of this experiment show that the neutron flux measured in this experiment correspond to a flux of about of 10 11 n/cm 2 .s for thermal neutrons, 10 10 n/ cm 2 .s for intermediate energy neutrons and 10 15 n/cm 2 .s for fast neutrons at 1 cm from the target. The 0º fast neutron flux calculated at 100 cm and normalized to 1.9 g/cm 2 9 Be target thickness is 3.6 × 10 16 n.cm 2 /g.s.sr, which is much higher than Tuyn's value of 5 × 10 9 n.cm 2 /g.s.sr [2] . This experiment was done at comparable beam intensity and en ergy per beam ion, to those of Tuyn et al. Therefore this difference can be justified, in part, by the heavier, more neutron-rich beam that was used in this experiment. Also, dif ferent cross-sections σ(n f on 27 Al) were used. Tuyn et al. used σ(n f on 27 Al) of 63 mb which is about 10 2 larger than σ(n f on 27 Al) of 0.693 mb used in this experiment. Using σ(n f on 27 Al) of 63 mb, the flux will be 4 × 10 14 n.cm 2 /g.s.sr.
Due to the induced activities in near by objects such shielding walls, vacuum cham bers and slits when struck by the beam, neutron flux and any other secondary radiation (α, β and γ), this data is relevance to laboratories for the safety of workers and experi ment electronics [10] . Depending on the half lives of the different elements formed, the induced activities may last for many hours or days after the shut down of the beam.
The application of the foil activation detection system reflects their simplicity and practicality. This suggests that these types of measurements should be done more fre quently during the laboratory approved experiments using different beams and setups. 
